Spinal epidural abscess is an infectious disease encountered rarely in neurosurgical practice. Initially it manifests nonspecific symptoms and may lead to severe disability and even death. With early diagnosis and treatment, however, prognosis is quite good. 2, [4] [5] [6] [9] [10] [11] 17 First described in 1761, little has changed in terms of symptomatology and clinical description. Reihsaus, et al., 13 have published the largest study in which they performed a metaanalysis of data obtained in 915 patients. Advances in neuroimaging and improvements in antibiotic and surgical techniques have decreased the mortality and morbidity rates.
Postsurgical spinal infection occurs in 1.9% of cases after conventional spinal procedures. This rate increases with the use of instrumentation. 19, 20 Spinal epidural abscess, one form of spinal infection, may occur 2 to 4 weeks after surgery. A late-onset spinal epidural abscess is quite rare. In this study we present the late occurrence of spinal epidural abscess occurring after a laparoscopic cholecystectomy in which instrumentation was placed.
CASE REPORT
Presentation and Examination. This 45-year-old woman was admitted to the neurosurgery clinic with severe low-back and left radicular lower-extremity pain. Neurological examination revealed a positive Laségue test in left leg at 20°with no motor or sensory deficit. Sagittal MR imaging demonstrated marked Grade 2 degenerative L4-5 spondylolisthesis (Fig. 1) . She underwent L-4 total laminectomy, L4-5 discectomy, and L4-5 pedicle screw fixation (Fig. 2) . The peri-and postoperative periods were uneventful. She underwent third-generation parenteral cephalosporin antibiotic therapy until the 3rd postoperative day. Preoperative symptoms resolved after surgery. She was discharged 1 week postoperatively without problems. Neither chronic medical disease nor immunosuppression was present.
At outpatient control examinations 1, 3, and 6 months after surgery, she had no complaints. Ten months after surgery she returned to the neurosurgery clinic with a 3-week history of severe back and right radicular leg pain. When questioned, the patient stated that she had undergone a laparoscopic cholecystectomy 1 month previously following an episode of acute cholecystitis. The surgery had been uneventful and she was discharged 3 days later with no complaints. She underwent a 10-day course of parenteral pre-and postoperative antibiotic therapy. One week after surgery, she experienced low-back and right radicular lower-extremity pain. The pain intensity increased progressively and 1 month after the laparoscopic surgery, the pain was intractable. Physical examination revealed no signs of infection at the lumbar operation site. The rightleg femoral stretching test was positive. There were no neurological deficits. Sagittal and axial MR imaging revealed a L4-5 spinal epidural abscess located mostly in the right lateral recess, which communicated with right psoas abscess (Fig. 3) . Blood workup showed a white blood cell count of 9700 mmol and an erythrocyte sedimentation rate of 78 mm/hour. In the operating theater, a local anesthetic agent was administered and the psoas abscess was percutaneously drained with the aid of fluoroscopy. Examination of the cultures was positive for coagulase-negative Staphylococcus aureus. The patient underwent a 6-week course of parenteral vancomycin therapy. In the postoperative period, her pain subsided and she was discharged without complaints. Postoperative MR imaging demonstrating no evidence of abscess in the epidural space nor in paravertebral area (data not shown).
DISCUSSION
Like any operative procedure, spinal surgery may be complicated and in turn result in morbidity or mortality. Such complications may require a revision surgery. The indications for revision after surgery for lumbar degenerative disease include infection, hardware failure, hematoma, and dural tear leading to CSF leakage. An early-or late-onset postoperative infection may require revision surgery.
Late-onset spinal epidural abscess after instrumentation-augmented spinal fusion is not common.
3,7,14,15,16 Until evidence reported in recent studies, the causes of postoperative spinal epidural abscess were generally thought to be related to bacterial contamination that occurred during the operation. The infection seemed to be mainly local; however, in more studies authors have shown that the disease process has a broader base of contributing factors. Soon after placement of spinal instrumentation, inflammatory response to fixation devices can be detected. Levels of C-reactive protein as well as erythrocyte sedimentation rate and white blood cell counts are significantly higher in patients who underwent instrumentation-augmented fusion compared with those in whom no spinal hardware was implanted. 18 The levels of these inflammation markers begin to increase 6 hours after surgery and peak on the 2nd and 3rd postoperative days. Generally, normal levels are detected between the 5th and 21st days postoperatively. 18 Inflammatory cells such as macrophages and monocytes make contact with the instrument surface. Metal ions are released from the instrument, and proinflammatory cytokines such as tumor necrosis factor-␣ and interleukin-1, -6, and -8 are released by the inflammatory cells. 18 These cytokines blend into systemic circulation and trigger a subclinical systemic inflammatory response. The late postoperative progression of these cytokines in systemic circulation is not clear and needs to be studied to illuminate relation to late-onset infection.
Another interesting issue is the adherence of bacteria to the implanted hardware. Under in vitro conditions, because the surface of the metal/titanium implants is smooth, bacteria do not easily adhere. In in vivo circumstances, however, a glycocalyx biofilm layer forms on the surface of the implant following the inflammatory reaction. 8 This layer facilitates the adherence of the bacteria. Additionally this layer forms a suitable medium for bacterial growth. 8 In the presence of bacteremia, the hardware is always prone to bacteria-related adherence and growth that results in clinical infection.
In the presence of a bacteremia, bacteria adhere to the glycocalyx biofilm layer on the instrument and start to grow. When the vertebral anatomy is visualized, it is possible to estimate the location of the possible infection neighboring the instrumentation. The possibilities include the vertebral body, intervertebral disc space, epidural space, dura mater, and intradural compartment (although the infection rarely spreads to the intradural compartment). Mostly, it is concentrated in the epidural space. 19 The Batson venous plexus and relatively poor vascular supply in the epidural space form a suitable medium for the infection leading to epidural abscess. 2 Based on the aforementioned factors, source of distant infection and distant sites of surgical intervention may cause late-onset spinal infections in cases in which instrumentation has been placed. As in our case, acute cholecystitis and/or laparoscopic surgery is the leading cause of the infection. The common point, however, is that concentrated bacteremia and retrograde bacterial lymphatic translocation cause huge numbers of bacteria to reach the instrumentation site and adhere to its surface, even in the absence of infection around the cholecystectomy area. Systemic low immunological status triggers the process but is not mandatory. In the present case it is difficult to estimate whether the spinal epidural abscess or psoas abscess was the primary pathological entity. To our knowledge, this is the first case to be reported in the literature in which there was late-onset spinal epidural abscess after acute cholecystectomy and laparoscopic instrumentationaugmented fusion.
The principles of treatment in this situation are drainage of the abscess, debridement, irrigation, and appropriate parenteral antibiotic therapy for 6 to 8 weeks. In rare cases involving resistant infections, the spinal instruments should be removed until the infection subsides.
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CONCLUSIONS
Previously placed instrumentation is a risk factor for late-onset spinal epidural abscess. In the setting of revision spinal surgery, it should be kept in mind that, distant bacteremia and spinal instrumentation may create a good medium for the bacteria to grow and cause clinical deep infection. In cases with nonspecific symptoms related to a site at which spinal instrumentation was placed, late-onset spinal epidural abscess should always be suspected. When severe systemic distant infection or distant surgical site is present in patients with prior spinal instrumentation, more serious and extended antibiotic therapy should be administered.
